Abstract. Fused in sarcoma/translocated in liposarcoma (FUS/TLS), a ubiquitous and multifunctional DNA and RNA-binding protein, contributes an important function in cancer and neurodegenerative disease; however, its role in lung cancer remains unclear. In the present study, the expression of FUS/TLS in non-small cell lung cancer (NSCLC) and the significance of FUS/TLS for predicting the clinical outcome of patients with NSCLC, was examined. FUS/TLS expression was investigated in NSCLC tissues and their matched adjacent non-tumorous tissues by reverse transcription-quantitative polymerase chain reaction, western blotting, and immunohistochemistry. Tissue microarrays representing 208 patients with NSCLC were used to determine the expression pattern and associations with FUS/TLS using immunohistochemistry. Prognostic significance was assessed by Kaplan-Meier survival estimates and log-rank tests. Data revealed that FUS/TLS expression was elevated in NSCLC tissues compared with corresponding normal tissue mRNA (9.27±0.73 vs. 6.15±0.60) and protein (3.32±0.75 vs. 0.30±0.07) levels. In tissue microarrays, FUS/TLS was highly expressed in 103 (49.5%, 103/208) NSCLC tissues compared with adjacent normal lung tissues (28.4%, 59/208).
Introduction
Lung cancer is one of the very few cancer types in which a continuous increase in incidence has emerged over recent years. Currently, ~1.6 million new cases of lung cancer are diagnosed annually, worldwide (1) . Of these, >85% of lung cancer cases are classified as non-small cell lung cancer (NSCLC) (2) . Despite advancements and improvements in surgical, and medical treatments of this patient population, the 5-year survival rate of patients with lung cancer remains at ~17.4% (2) . This is largely due to the late stage at which the majority of patients are diagnosed, and the lack of effective treatments for this disease. In addition, local control for early-stage NSCLC has dramatically improved over previous decades for operable and inoperable patients; however, ~20% of early-stage patients still develop distant metastasis (2, 3) . Thus, understanding the molecular markers that regulate invasion and disease spread is crucial in identifying novel and reliable prognostic markers for NSCLC, and may be exploited to refine patient selection for already existing therapies.
The FET (previously TET) gene family comprise fused in sarcoma/translocated in liposarcoma (FUS/TLS), Ewing's sarcoma and TATA-binding protein-associated factor 15. These proteins, encoded by the FET gene family, are similar in structure and function (4) . FET proteins contain an N-terminal domain, a G-rich domain, an RRM (RNA-binding
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with E-cadherin expression and prognosis of patients with non-small cell lung cancer domain), a zinc finger motif and a C-terminal RGG-rich (arginine-glycine-rich) domain (4, 5) . Multifunctional characteristics of the FET protein family have been authenticated. The N-terminal domain, rich in Gln, Gly, Ser and Tyr, has a transcriptional activation function (6, 7) . The RRM, zinc-finger and RGG-rich domains contribute to the RNA-binding ability of the FET-proteins (8) (9) (10) . In addition, FET proteins also bind single-stranded DNA and possibly double-stranded DNA. The unique functions also include pre-mRNA splicing and DNA repair and recombination (11) . Notably, chromosomal rearrangements result in the 5' regions of FET genes being fused with different transcription factor genes in sarcomas or other types of cancer (12) (13) (14) . FUS/TLS was identified as a fusion gene with DNA damage inducible transcript 3 (CHOP) (also known as GADD153, DDIT3) in human myxoid liposarcoma with chromosomal translocation t(12; 16)(q13; p11) (15) . In myxoid liposarcoma, >85% of cases were associated with the translocation of FUS/TLS (4, 12) . Subsequently, TLS/FUS-ERG ETS transcription factor (ERG) chimeric transcripts were observed to contribute an important role in the development of acute myeloid leukemia (16, 17) . In addition, overexpression of FUS/TLS protein or mRNA has been reported in liposarcoma cell lines (18) , breast cancer cells (19) and sporadic colorectal cancer cells (20) . Thus, FUS/TLS serves an important function in the development of cancer. Epithelial-mesenchymal transition (EMT) is a crucial event in cancer development and metastasis (21) . One of the key processes of EMT is the loss of E-cadherin. E-cadherin has been reported to be a hallmark in the progression of NSCLC (22) . A previous study indicated that FUS/TLS protein was located in the spreading initiation centers of adhering cells and was involved in cell spreading (23) , while E-cadherin primarily expressed on the membrane of epithelial cells, contributes an important role in cell-cell adhesion (24) . This suggested that FUS may be involved in regulating E-cadherin expression. The aim of the present study was to examine FUS/TLS levels in NSCLC and matched paratumor tissues, and evaluate the association between FUS/TLS expression and the clinicopathological characteristics of patients with NSCLC. In addition, the prognostic effect of FUS/TLS and E-cadherin expression was determined by multivariate analysis, either as FUS/TLS as an independent parameter or combined with E-cadherin.
Materials and methods
Patients and specimens. From January 2005 to December 2005, archival specimens were consecutively collected from 208 patients (male 148, female 60; median age 65 years; age range 40-83 years) with NSCLC who received curative resection at Zhongshan Hospital of Fudan University (Shanghai, China). Patient characteristics: All the patients' clinicopathological information were in agreement with the description of the authors previous study (25) . The collection and conservation of patient samples, and details were permitted with the evidence of written informed consent. The follow-up was terminated in July 2010. The median follow-up duration was 43 months (range, 1-66 months). The overall survival (OS) was calculated from the day of surgery to the date of either mortality as a result of lung cancer or the last follow-up. Ethical approval was obtained from the Zhongshan Hospital Research Ethics Committee (Shanghai, China).
Cell culture. The 16HBE cell line was obtained from Xiangbio (Shanghai, China). H460, 95-C, A549 and 95-D cell lines were purchased from the Institute of the Biochemistry and Cell Biology of the Chinese Academy of Sciences (Shanghai, China). 16HBE, A549 and H460 cell lines were maintained in Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS, Gibco; Thermo Fisher Scientific, Inc.) and antibiotics (100 IU/ml penicillin, and 100 µg/ml streptomycin sulfate). 95-C and 95-D cells were cultured in RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% FBS and antibiotics. All cell lines were incubated in a humidified atmosphere of 5% CO 2 at 37˚C.
RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA of tissues was extracted using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA was reverse-transcribed to cDNA using PrimeScript RT reagent kit (Takara Biotechnology Co., Ltd., Dalian, China), according to the manufacturer's protocol. Amplification and detection were performed using the ABI PRISM 7900 Sequence Detection system (Applied Biosystems; Thermo Fisher Scientific, Inc.) starting with 1 µl cDNA and SYBR Green Real-Time PCR Master mix (Takara Biotechnology Co., Ltd.). Primers were designed as follows: FUS/TLS forward, 5'-AGC TGA AGG GAG AGG CAA C-3' and reverse, 5'-GGC GAG TAG CAA ATG AGA CC-3'; GADPH forward, 5'-GGT ATG ACA ACG AAT TTG GC-3' and reverse, 5'-GAG CAC AGG GTA CTT TAT TG-3'. Relative expression levels of the gene of interest were calculated using the 2 -ΔΔCq method (26) . GADPH was used as an internal standard and triplicate RT-qPCR samples were performed in each assay. GraphPad Prism 5.0 software was applied to the quantification of relative mRNA expression (GraphPad Software, Inc., La Jolla, CA, USA).
Western blot analysis. Total protein was prepared using radioimmunoprecipitation assay lysis buffer (Beyotime; Shanghai, China) protein concentration was determined using an Enhanced BCA Protein Assay Kit (Beyotime Institute of Biotechnology, Haimen, China). Equal amounts of protein (30 µg) were separated via 10% SDS-PAGE and transferred onto polyvinylidene difluoride membranes (Merck KGaA, Darmstadt, Germany). Membranes were blocked in 5% fat-free milk at room temperature for 1 h, and subsequently incubated with primary antibodies rabbit anti-FUS/TLS (dilution 1:4,000; cat. no. 11570-1-ap; ProteinTech Group, Inc., Chicago, IL, USA) and mouse anti-β-actin (dilution 1:1,000; cat. no. AA128; Beyotime Institute of Biotechnology), which was used as an internal control. The primary antibodies were incubated at 4˚C overnight. Subsequent to washing with Tris-buffered saline containing 0.1% Tween-20 (TBST), the membranes were incubated with a horseradish peroxidase-conjugated goat anti-rabbit or goat anti-mouse secondary antibody (catalog no. A0208 or A0216; dilution, 1:1,000; Beyotime Institute of Biotechnology) at room temperature for 1 h. Finally, the membranes were washed with TBST and visualized using ECL solution (EMD Millipore, Billerica, MA, USA) using an automatic chemiluminescence Image analysis system (Tanon Technology Co., Ltd., Shanghai, China), Image-Pro Plus software version 6.0 (Media Cybernetics, Inc., Rockville, USA) was used to analyze relative protein expression and exhibited as the density ratio vs. β-actin. All experiments were performed in triplicate.
Immunofluorescence. The localization of FUS/TLS protein in 16HBE, A549, H460, 95C and 95D cells was examined by immunofluorescence. Cells were fixed with 4% paraformaldehyde (Yesen, Shanghai, China) for 30 min at room temperature and then permeated with 0.3% Triton X (Beyotime Institute of Biotechnology) for 10 min, washed three times with PBS. Then the cells were blocked with 5% BSA/PBS for 30 min at room temperature. Subsequently, cells were incubated at 4˚C overnight with rabbit anti-FUS/TLS. (1:400 dilution; catalog no. 11570-1-ap; ProteinTech Group, Inc.; Chicago, IL, USA). Following washing, the cells were incubated with secondary anti-rabbit IgG (1:400 dilution; catalog no. A0468; Beyotime; Shanghai, China) at room temperature for 2 h. Nuclei were counterstained with DAPI. (catalog no. C1006; Beyotime; Shanghai, China) for 5 min at room temperature and washed with PBS. The locations of FUS/TLS were detected by fluorescence microscopy (Olympus Corporation, Tokyo, Japan) used a magnification of x200.
Tissue microarray (TMA) and immunohistochemistry (IHC).
TMAs were constructed by Shanghai Biochip Co., Ltd. (Shanghai, China). Pathological types of all samples were reviewed by hematoxylin and eosin staining, in accordance with protocols from a previous study (25) . IHC of paraffin sections was performed according to a protocol from a previous study (27) . In brief, paraffin sections were deparaffinized by heating at 65˚C for 2 h, subsequently washed with xylene and rehydrated in ethanol. After antigen retrieval was performed by incubating in 10 mmol/l Citrate Sodium Buffer (pH 6.0; Yesen) and the slides boiled in a microwave, slides were incubated in 0.3% H 2 O 2 for 15 min to block endogenous peroxidase activity at room temperature. Slides were rinsed in PBS and immersed in 5% BSA for 1 h at room temperature to block nonspecific binding sites. Subsequently, the sections were incubated with primary antibody, rabbit anti-human FUS/TLS (dilution, 1:5,000; catalog no. 11570-1-ap; ProteinTech Group, Inc.; Chicago, IL, USA), overnight at 4˚C. The following day, samples were washed three times with PBS. After 30 min of incubating slides in horseradish peroxidase labeled secondary antibody (GTVision III immunohistochemical kit; cat. no. GK500705; Gene Tech, Shanghai, China) at room temperature and washing in PBS buffer, the slides were stained with 3,3'-diaminobenzidine (DAB)-H 2 O 2 under a microscope for 2 min at room temperature, and hematoxylin was used to counterstain the nuclei at room temperature for 40 sec. Finally, the sections were dehydrated and covered with glass microscope glass using neutral resins.
Evaluation of immunostaining intensity of TMAs.
The staining results scored were as follows. The proportion of immunoreactive cells in total cell number of every point: 0 (0%), 1 (>0% to 25%), 2 (>25% to 50%), 3 (>50% to 75%) and 4 (>75%). The cellular staining intensity was determined by the degree of color: 0 (none), 1 (weak), 2 (moderate), 3 (strong) (28) . The final score for FUS/TLS expression was the summation of both scores. The combined scores were divided into negative (-, 0-1), weak positive (+, 2-3), moderate positive (++, 4-5) and strong positive (+++, 6-7), respectively. For statistical analysis, the negative and weak positive staining were considered the FUS/TLS low level group, and the moderate and strong positive staining were deemed the FUS high level group.
Statistical analysis. SPSS 21.0 software package (SPSS, Chicago, IL, USA) was utilized for statistical analyses. OS was plotted using the Kaplan-Meier method (log-rank test). Spearman's rank correlation analysis identified a correlation between FUS/TLS and E-cadherin expression. Significant factors in univariate analysis were further incorporated into multivariate Cox proportional hazards regression model to selection of independent prognostic factors. The differences between categorical variables were analyzed by χ 2 test. P<0.05 was considered to indicate a statistically significant difference (two-tailed).
Results

FUS/TLS is highly expressed in NSCLC tissues.
RT-qPCR, western blotting and immunohistochemistry were performed to detect mRNA, and protein levels of FUS/TLS in NSCLC tissues and matched adjacent nontumorous tissues. FUS/TLS expression was significantly increased in NSCLC compared with that in corresponding adjacent normal lung tissues at the mRNA (9.27±0.73 vs. 6.15±0.60; Fig. 1A ) and protein (3.32±0.75 vs. 0.30±0.07; Fig. 1B ) levels. The pathological type of NSCLC and normal lung tissues were confirmed by hematoxylin and eosin staining (Fig. 1C) . Immunohistochemical analysis demonstrated that strong intensity FUS/TLS staining in NSCLC tissues was markedly higher than that in paratumor tissues (Fig. 1C) 
Association between FUS/TLS and clinicopathological features of NSCLCs.
The association between the clinicopathological features of the patient cohort and FUS/TLS was analyzed. Detailed clinical and pathological information was presented in a previous study (29) . Briefly, analysis included a total of 208 cases of primary NSCLC, and the cohort consisted of 60 (28.8%) women and 148 (71.2%) men. The number of patients with squamous cell carcinoma, adenocarcinoma and other pathologic subtypes of NSCLC was 85, 110 and 13, respectively. There were 144 (69.2%) tumors in tumor node metastasis (TNM) stages I-II and 64 (30.8%) tumors in stages III-IV. In addition, tumors with low and high differentiation were 93 and 115 respectively. Lymph node metastasis was identified in 90 (43.3%) of samples.
The association between FUS/TLS expression with clinicopathological parameters was demonstrated in Table I and rates. The patients with higher TNM stage, larger tumor size, and poorer differentiation exhibited a more unfavorable OS rate. These clinicopathological features were all significantly associated with high FUS/TLS expression. However, other clinicopathological features, including age and smoking status, were not directly associated with the level of FUS/TLS.
High level of FUS was associated with poor prognosis of patients with NSCLC.
The 5-year OS rate after surgery was 47.6% for the entire cohort. Patients with high FUS/TLS levels exhibited a worse prognosis compared with those with low FUS/TLS expression (P=0.005; Fig. 2A) . The relationship between FUS/TLS expression and prognosis by various subset analyses was examined. High FUS/TLS level was associated with a poorer outcome in patients with adenocarcinoma (P=0.005; Fig. 2A ), whereas no distinct statistical difference was observed in patients with squamous cell carcinoma (P=0.314). It was of interest that smokers with high FUS/TLS levels underwent a worse prognosis compared with smokers with low FUS/TLS levels (P=0.011; Fig. 2C ). In addition, the level of FUS/TLS had an indistinctive effect on non-smokers within this cohort (P=0.150). These data further revealed that high FUS levels may predict a poor prognosis for patients with NSCLC.
The univariate analysis indicated that FUS/TLS expression, tumor size, TNM stage, lymph node metastasis and tumor differentiation demonstrated a distinct impact on OS. In multivariate analysis, tumor size and lymph node metastasis remained associated with OS; however, FUS/TLS levels lost value as an independent predictor of OS (P=0.093). Owing to the association observed with TNM stage (P=0.016) and tumor size (P=0.019), FUS/TLS level significantly influences the OS rate of patients (Table II) .
High level of FUS/TLS impaired E-cadherin expression and the combination of the two markers defined a subset of NSCLC patients with worse prognosis.
The association between E-cadherin expression with clinicopathological characteristics are exhibited in Table I . No significant associations were observed between impaired E-cadherin expression Table I . Association of expression of FUS/TLS and E-cadherin with clinicopathological features of NSCLC tissues.
FUS/TLS E-cadherin ---------------------------------------------------------------------Variables
No and any of the clinicopathological variables, except lymph nodal involvement (P=0.011). Patients with low E-cadherin expression exhibited a shorter OS compared to those with high E-cadherin expression (P=0.025; Fig. 3A) . In univariate analysis, E-cadherin expression demonstrated a significant influence on OS (P=0.027). However, in the multivariate analysis, E-cadherin was not significant as an independent predictor of survival (P=0.211; Table II ). The association between FUS/TLS and E-cadherin expression was also examined (Fig. 3) . A significant negative association was observed between FUS/TLS and E-cadherin expression (r 2 =0.51 and P=0.036; Fig. 3B and Table III) . High FUS/TLS expression was associated with impaired E-cadherin expression and low FUS/TLS expression was associated with increased E-cadherin expression, representative images are shown in Fig. 3D . To investigate the combined influence of FUS/TLS and E-cadherin expression on the prognosis of patients with NSCLC, patients were divided into three groups: Group 1, low FUS/TLS and preserved E-cadherin (n=51); Group 2, FUS/TLS and E-cadherin high or low (n=89); Group 3, high FUS/TLS and impaired E-Cadherin (n=68). Significant differences of 5-year OS rates were observed among the three groups (Fig. 3C) . Group 1 and 2 exhibited a more favorable 5-year OS rates (52.9 and 48.3%, respectively) as compared with Group 3 (26.5%). In addition, the multivariate analysis demonstrated the index that combined the two markers (FUS/TLS and E-cadherin) was an independent prognostic factor in patients' overall survival (P=0.044; Table II) .
Discussion
In the present study, it was demonstrated that the mRNA and protein levels of FUS/TLS were upregulated in NSCLC tissues compared with corresponding normal tissues. Increased expression of FUS/TLS was associated with higher TNM stage, poor tumor differentiation and large tumor size, and may be beneficial in predicting poor prognosis in patients with NSCLC. Furthermore, it was revealed that there was a significant negative association between FUS/TLS and E-cadherin expression. Combined evaluation of FUS/TLS and E-cadherin Table III . Association between FUS/TLS and E-cad expression in NSCLC tissues. expression was an independent prognostic factor that defined a new subgroup of patients with NSCLC with shortened survival. The results from the present study indicated that high FUS/TLS levels contributed to the progression of NSCLC. FUS/TLS, a ubiquitous and multifunctional DNA and RNA-binding protein, participates in a wide range of cellular processes, including RNA transcription, microRNA biogenesis, splicing, and nucleo-cytoplasmic shuttling (30) (31) (32) . In addition, loss of FUS/TLS function significantly restricts cell proliferation (33) . The functions of the fusion gene FUS-CHOP and TLS/FUS-ERG in solid tumor, and acute myeloid leukemia have been extensively studied (16, 17, 34) . For example, FUS/TLS combined with the androgen receptor was reported to promote prostate cancer cell proliferation (35) . Furthermore, FUS/TLS physically binds with nuclear paraspeckle assembly transcript 1 and contributes an important role in the survival of breast cancer cells (19) . FUS/TLS has been demonstrated to participate in various types of cancer and neurodegeneration. However, little attention has been given to the investigation of the association between FUS/TLS and lung cancer. The results from the present study indicated that elevated FUS/TLS expression significantly associated with shortened survival in patients with NSCLC. Clinically, FUS/TLS expression in lung adenocarcinoma and squamous cell carcinoma was present heterogeneously. Upregulated FUS/TLS expression was observed in a higher proportion in squamous cell carcinoma tissues (62.35%) than in adenocarcinoma tissues (40.91%). Although the gene expression profiles of the two histological subtypes vary, the biological reason remains unclear. Furthermore, higher tumor TNM stage, larger tumor size and poor differentiation, the three factors that predict a poor survival, were all significantly associated with high FUS/TLS expression. Subgroup analyses revealed that the proportion of elevated FUS/TLS level in patients with NSCLC with TNM stage III-IV was significantly higher than patients with TNM stage I-II. The same phenomenon was demonstrated in patients with tumor size ≥3 cm and poor differentiation compared with tumor size <3 cm and well or moderate differentiation, respectively. E-cadherin, an important cell-to-cell adhesion molecule serves a critical role in cancer development and metastasis.
FUS/TLS
Loss of E-cadherin expression in epithelial cancer cells lead to loss of cell polarity and epithelial markers, and increased motility due to acquired mesenchymal markers (3) . E-cadherin is also considered to be a hallmark of NSCLC, associated with invasiveness, metastasis and prognosis (4) . The results from the present study indicated that FUS/TLS and E-cadherin had a significant influence on the prognosis of patients with NSCLCs. However, in multivariate analysis, the significance value was lost as an independent predictor of OS. It was also demonstrated in the present study that there were potential associations between FUS/TLS and E-cadherin expression in NSCLC. An important finding is the statistically significant inverse association between FUS/TLS and E-cadherin expression in NSCLC. Furthermore, in the multivariate analysis, high FUS/TLS expression in combination with low E-cadherin expression was an independent prognostic factor for shortened OS.
In summary, FUS/TLS may represent a potential prognostic biomarker of NSCLC. This combination may provide a novel effective risk stratification scheme for NSCLC.
